Wild Helianthus species are an important reservoir of useful genes for sunflower breeding. The objective of the present research was to evaluate the existing variability for tocopherol content and composition in a germplasm collection of wild sunflower species. The germplasm evaluated consisted of 257 accessions from 36 Helianthus species, including both annual and perennial species. Eight seeds per accession were randomly picked and bulked for tocopherol analysis conducted by HPLC with fluorescence detection. Tocopherol content averaged 328 mg kg -1 seed in the analyzed accessions, with an average profile of 99.0% alpha-tocopherol, 0.7% beta-tocopherol, and 0.3% gammatocopherol. In cultivated material, an average tocopherol content of 669.1 mg kg -1 seed have been reported, made up of 92.4% alpha-tocopherol, 5.6% betatocopherol, and 2.0% gamma-tocopherol. The maximum total tocopherol content in wild sunflower germplasm corresponded to an accession of H. maximilianii, with 673 mg kg -1 seed. Increased levels of beta-tocopherol were identified in one accession of H. praecox (11.2% of the total tocopherols) and one accession of H. debilis (11.8%). All other accessions contained less than 6.5% betatocopherol. Increased gamma-tocopherol levels were identified in one accession of H. exilis (7.4%) and two accessions of H. nutalii (11.0% and 14.6%, respectively). All other accessions contained less than 2% gamma-tocopherol. Although further research at an intrapopulation level is needed to confirm and isolate variants, the results of the present research indicated that wild Helianthus germplasm contains useful variability for tocopherol content and composition.
INTRODUCTION
Tocopherols are fat-soluble compounds that exert an antioxidant action both in vivo (vitamin E activity) and in vitro (Kamal-Eldin and Appelqvist, 1996) . They occur as a family of four derivatives named alpha-, beta-, gamma-, and delta-toco-pherol. The four tocopherols differ for their relative in vitro and in vivo antioxidant activities. Alpha-tocopherol has the highest vitamin E activity, but it is a weak in vitro antioxidant. Conversely, gamma-tocopherol is the most powerful antioxidant in vitro but its in vivo vitamin E activity is low. Beta and delta tocopherols has intermediate properties (Pongracz et al., 1995) .
The cultivated sunflower possesses a moderate content of seed tocopherols, predominantly made up of alpha-tocopherol. Velasco et al. (2002) reported an average tocopherol content of 669.1 mg kg -1 seed, made up of 92.4% alpha-tocopherol, 5.6% beta-tocopherol, and 2.0% gamma-tocopherol, in a set of commercial hybrids cultivated in Spain. Both the increase of total tocopherol content in the seeds as well as the development of alternative tocopherol profiles are important breeding objectives in sunflower.
Genetic sources of modified tocopherol profiles have been identified in germplasm of cultivated sunflower (Demurin, 1993; Demurin et al., 1996; Velasco et al., 2004) . These included germplasm with a high concentration of gamma-tocopherol, about 95% of the total tocopherols, as well as germplasm with increased levels o beta-tocopherol, about 50% of the total tocopherols. Both novel tocopherol profiles are of great value for developing sunflower cultivars with improved oxidative stability of the oil.
The objective of this research was to evaluate the variation for total tocopherol content and composition in germplasm of wild Helianthus species. Analysis of tocopherol content and composition, based on eight seeds per accession, was based on the method of Goffman et al. (1999) . Half seeds were cut from each seed and the eight halves were weighed and placed into a 10 ml tube. After 2 ml of iso-octane were added, the half seeds were crushed with a stainless steel rod as fine as possible. The rod was then washed with 2 ml of iso-octane, which were collected in the tube. The samples were stirred and extracted overnight at room temperature in darkness (extraction time about 16 h). After extraction, the samples were stirred again, centrifuged, and filtered. 5 µl of the extract were analyzed by HPLC using a fluorescence detector at 295 nm excitation and 330 nm emission and iso-octane/tert-butylmethylether (94:6) as eluent at an isocratic flow 
MATERIALS AND METHODS

RESULTS AND DISCUSSION
Tocopherol content averaged 328 mg kg -1 seed in the analyzed accessions of wild Helianthus spp. (Table 1 ), compared with a tocopherol content of 669.1 mg kg -1 seed reported for cultivated sunflower (Velasco et al., 2002 The average tocopherol profile of the evaluated germplasm consisted of 99.0% alpha-tocopherol, 0.7% beta-tocopherol, and 0.3% gamma-tocopherol, which is similar to the typical tocopherol profile of the cultivated sunflower (Demurin, 1993) . However, wild Helianthus species included an interesting variability for beta-and gamma-tocopherol contents. Thus, increased levels of beta-tocopherol were identified in one accession of H. praecox (11.2% of the total tocopherols, accession 1342 from IFVC) and one accession of H. debilis (11.8%, accession 1566 from IFVC). All other accessions contained less than 6.5% beta-tocopherol. Increased gamma-tocopherol levels were identified in one accession of H. exilis (7.5% of the total tocopherols, accession 671 from SGAP) and two accessions of H. nutalii (11.0%, accession PI 531054 and 14.6%, accession PI 531043). All other accessions contained less than 2% gamma-tocopherol. Although further research at an intrapopulation level is needed to confirm and isolate variants, these results indicated that wild Helianthus germplasm contains useful variability for tocopherol profile.
Previous studies have reported that wild Helianthus species contain useful variation for the fatty acid composition of the oil, including variants for increased oleic acid (Seiler, 1985) , high linoleic acid (De Haro and Fernández-Martínez, 1991) , or low levels of total saturated fatty acids (Seiler, 1994 (Seiler, , 1996 . The results of the present research suggest that useful variation for tocopherol content and composition can also be found within germplasm of wild Helianthus spp.
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EVALUACIÓN DEL CONTENIDO Y COMPOSICIÓN DE TOCOFEROL EN LAS ESPECIES SILVESTRES DE GIRASOL
RESUMEN
Las especies silvestres del género Helianthus constituyen una importante reserva de genes útiles para la mejora del girasol. El objetivo de este trabajo fue la evaluación de la variabilidad existente para contenido total y composición en tocoferoles en una colección de germoplasma de especies silvestres de girasol. Esta colección estuvo compuesta por 257 entradas de 36 especies de Helianthus, incluyendo tanto especies anuales como perennes. Se escogieron al azar ocho semillas de cada entrada y se analizaron conjuntamente para contenido y composición en tocoferoles, mediante empleo de HPLC con detector de fluorescencia. El contenido medio en tocoferoles fue de 328 mg kg -1 semilla, con un perfil de tocoferoles consistente en 99.0% alfa-tocoferol, 0.7% betatocoferol, y 0.3% gamma-tocoferol. El contenido medio descrito en material cultivado es de 669.1 mg kg -1 semilla, compuesto por 92.4% alfa-tocoferol, 5.6% beta-tocoferol, y 2.0% gamma-tocoferol. 
